Objective: To examine the relationship between food insecurity and child wellbeing indicators. Design: Cross-sectional survey conducted in 2344 households with children. The main exposure measure was food insecurity status, which was categorized as food secure or food insecure based on two or more food insecurity questions answered in the affirmative. Multiple logistic regression analysis was used to model the association between food insecurity status and selected child wellbeing indicators. 
Food insecurity is the 'limited or uncertain availability of nutritionally adequate and safe foods or limited or uncertain ability to acquire acceptable foods in socially acceptable ways' (1) . Food insecurity among children can lead to hunger, undernutrition or malnutrition and make children more vulnerable to disease (2, 3) . Food insecurity has been found to be associated with poverty (4) (5) (6) (7) (8) , malnutrition and stunted growth (9, 10) , Fe-deficiency anaemia (11) , depression and anxiety (12, 13) , poor learning among kindergarten and school-aged children (14) (15) (16) , negative psychosocial outcomes (15) , poor social skills among girls (16) , poor physical health status (13) and poor emotional well-being (17) . Undernutrition, a measure of energy availability commonly used by the FAO, has been measured to estimate food need in the Eastern Caribbean. The FAO reports that undernutrition affects 2?5 % of the population in Barbados, 5 % of the population of St. Lucia, and 10 % of the population of St. Vincent and the Grenadines (hereafter St. Vincent) (18) . Studies suggest that children in the Caribbean are more likely than children in developed countries to have stunted growth (19) . However, the World Bank classifies Barbados as a high-income country and St. Lucia and St. Vincent as high-to middle-income countries.
Food insecurity in Barbados, St. Lucia and St. Vincent was measured as a component of the Eastern Caribbean Child Vulnerability Study 2005 (ECCVS). The ECCVS measured food security as well as poverty, child health, family structure, education and multiple child well-being indicators among a sample of households with children. The primary objective of the ECCVS was to assess the *Corresponding author: Email efracine@uncc.edu r The Authors 2008 number of children considered 'vulnerable' and to use the results/data to reassess national policies to develop new plans of action for vulnerable children (20) . In the present paper, we hypothesize that food-insufficient households are more likely to report poorer child well-being indicators, specifically in the areas of healthcare utilization, disability, school attendance and family system disruption. Prior studies have not examined the association between food insecurity and the aforementioned child well-being indicators among a large sample of households. This investigation allows for the analysis of a wide variety of child well-being indicators while controlling for potential confounders.
Methods

Study design and sampling
The ECCVS was a cross-sectional study conducted by the governments of St. Lucia, St. Vincent and Barbados, with support and technical assistance from UNICEF (20) . The study protocol, methods and questionnaire were reviewed and approved by the National Statistics Offices and Departments of Social Welfare in the three countries, as well as the UNICEF research consulting group responsible for UNICEF research projects and ethics. The analysis was approved by the university institutional review board.
The Central Statistics Office of each country in collaboration UNICEF developed the sampling frame based on population size. As a result, the target number of households per county was 784 in Barbados, 780 in St. Lucia and 780 in St. Vincent (2344 total). From these sampling frames a representative sample of households in all parishes/provinces was selected to represent both urban and rural areas. Within the districts in these parishes/provinces, a sample of households with children under the age of 18 years was selected through the following steps: (i) sampling of wards within these districts; (ii) sampling of towns within each ward; (iii) sampling of enumeration areas (EA) within each town; and (iv) sampling of households in each selected EA. (Wards, towns and EA were selected with probability proportional to size.) For each household, the caregiver provided information on the sociodemographic characteristics (e.g. age, sex, illness status of parents and/or parental survival, orphan status, education, food security status) of all household members.
Social workers visited the selected households and the household was retained in the sample if it contained children. If there were no children in the household the enumerator was instructed to go to the next household (e.g. if there were no children in household 127, then the interviewer went to household 128). Further, moving to the next household did not affect the next household in the enumerator's sequence (e.g. if the sequence was household number 122, 127, 132 and 137, interviewers still visited household 132 even if household 128 was visited in place of 127). If the enumerator encountered a series of households with no children (e.g. a retirement area) they were instructed to knock on every door until finding a household with children and 'catch up' with their enumeration sequence.
Enumerators approached 2436 eligible households for the survey, 100 % included children and 4 % refused to participate resulting in a sample of 2344. Thus, these 2344 households with children were interviewed from May to August 2005 (780 households in St. Lucia, 780 in St. Vincent and 784 in Barbados).
Data collection
Local social workers were trained to administer in-home surveys. The social workers went door-to-door to introduce and discuss study participation. Potential participants identified as the household caregiver were read an informed consent and explained that participation in the study was fully voluntary. Once consent was given, the social worker began the survey with the caregiver. There were no incentives provided to participants other than the assurance that this information would be used to help in strengthening the countries' ability to identify ways in which the government could improve services to children. Upon completion of the survey, data were entered into a database by a consulting firm hired by the UN.
Instrument
The Child Vulnerability Survey used in the current study was developed from a questionnaire tool previously used by UNICEF in several developing countries including a Caribbean country, Jamaica. On the basis of this questionnaire, a consultative meeting of representatives from St. Lucia, Barbados and St. Vincent, along with UNICEF representatives and UNICEF consultants, was convened to discuss the questions and ensure that the questions were reflective of local experiences (including food insecurity). The questionnaire was created, tested and used in a cluster survey of seventy households to assess food insecurity and other areas of child vulnerability. Pre-testing took place 4-6 weeks prior to the actual field use of the questionnaire in all three countries. Also, an in-depth qualitative study of household caregivers was conducted using interview guides. Ten households in each country were selected to include food-secure and -insecure households with children. From the qualitative data analysis, the research team identified themes, classified households, created a table of food insecurity cutoff categories, identified questions to add to or delete from the initial questionnaire, and developed and revised answer choices.
The finalized questionnaire used in the ECCVS took 20 min on average to complete and contained seventy items including: who is the caregiver, how many other children are in the home, who else lives in the home, whether the children have their own beds, how many pairs of shoes the children have, and whether the home has indoor plumbing. The questionnaire also included items about the health and welfare of the children and the children's parents, whether they lived with their parents, whether someone in the household was employed, whether the children were attending school, and whether any of the children worked outside the home.
Food insecurity variable
International food security experts suggest that food insecurity instruments measure three domains of food security: anxiety of the availability of food, food quality and food availability (with food availability being the most severe domain) (21, 22) . In an effort to minimize respondent burden, and because food security was not the focus of the survey, the ECCVS limited the number of food insecurity questions to five questions related exclusively to food availability ( Table 1 ). The questions were derived from the US Department of Agriculture (USDA) eighteen-item US Household Food Security Survey Module (23) and were selected as a result of pre-testing discussed above. Three of the questions selected were very similar to USDA questions ('How often would you say your household has enough food?', 'In the last 30 days did your household ever cut the size of your meals because there was not enough food or money to buy food?', and 'How often have you had to cut the size of your household's meals because there was not enough food or money to buy food?'). The USDA questions regarding skipping meals were modified for the present survey and asked as 'How many meals did your household eat yesterday?' and 'In the last 30 days did your household skip meals because there was not enough food or money to buy food?' In the current analysis, a household was deemed food secure if the caregiver answered zero or one of the food security questions in the affirmative (see Table 1 for cut-off points). Households were categorized as food insecure if the caregiver answered two or more in the affirmative. Similar cut-off points are used in the USDA food security questions (23, 24) .
Child well-being variables
In addition to variables measuring food insecurity, eighteen child well-being variables were considered in the following areas: health-care utilization (nine items), school attendance (one item), family system disruption (five items) and child disability (three items). The series of nine health-care utilization questions asked if the child was treated two or more times for a health condition (i.e. flu, diarrhoea, fever, depression or injury). Households were asked whether any children in the households were attending school. We classified a household with one or more school-aged children not attending school based on the whether they attended school and their age: in St. Lucia and St. Vincent, the typical age range of students is 6-15 years while in Barbados the range is 5-16 years. The family system disruption variables included a household containing a chronically ill parent (who had been ill for the past 3 months), one or more orphaned children, one or more children who had one deceased parent, children living with no family members, and one or more children whose parents divorced within the last year. The child disability questions asked whether any child in the household had a learning, physical or mental disability.
Demographic and poverty variables
Nineteen demographic and poverty variables were also considered (two demographic items and seventeen poverty items). The demographic variables included country of residency and urban or rural residency. The poverty variables included having three or more household members sleeping per room, whether or not the household had certain possessions (e.g. car) in working order, whether the household had a flush toilet, whether the household had electricity, whether the children had three or more pairs of shoes, whether the children had six or more sets of clothes, whether the children had their own beds, whether the head of household was unemployed (meaning not being employed or being a farmer), and whether the household had piped water.
Statistical analysis
Cronbach's alpha testing was done to measure the internal reliability of the food security questions. Unadjusted odds ratios and 95 % confidence intervals were calculated to provide a crude association of food insecurity and child well-being, demographic and poverty variables at the household level. To examine the adjusted relationship between poverty and food insecurity, multiple logistic regression was used. In this analysis, food insecurity was the outcome variable with each of the demographic and poverty variables as explanatory variables. Stepwise variable reduction was used to construct the final model between poverty and food insecurity. To examine the relationship between food insecurity and child well-being, child well-being variables related to food insecurity at or below the 0?05 level in bivariate analysis were considered as outcome variables with food insecurity as the exposure variable in multivariate logistic analysis. Demographic and poverty variables that altered the child well-being/food insecurity odds ratio estimates by 10 % or more were included in each of the child well-being logistic regression models (25) . All performed tests were two-sided, weighted for country of residence using the PROC SURVEYLOGISTIC command in the SAS statistical software package version 9?1 (SAS Institute Inc., Cary, NC, USA), and results were considered statistically significant at the 0?05 level.
Results
Of the 2344 households surveyed, 2312 (98?6 %) completed at least one of the food security questions. Cronbach's a was 0?81, indicating good internal reliability among food security questions. Thirty-three per cent of the households were categorized as food insecure. (Table 3) . Among the seventeen poverty indicators, nine were significantly associated with approximately two-to three-fold increased odds of food insecurity after adjustment for other demographic and poverty variables. These were three or more household members sleeping per room, no one in the household with a working car, radio, cable/satellite television or computer, an unemployed head of household, households where children do not have their own bed, households where children have less than three pairs of shoes, and households where children have less than six sets of clothes.
Ten models were constructed between food insecurity and the ten child-well being indicators significantly associated with food insecurity at the 0?05 level in unadjusted analysis (Table 4) . Food insecurity was no longer significantly associated with four of the ten child well-being indicators when controlled for demographic and poverty indicators; they were school-aged child not in school, child in the household with a mental disability and child treated more than two times for flu or fever.
Food insecurity was significantly associated with two of the family system disruption indicators of child well-being when controlled for demographic and poverty indicators. Food-insecure households were 1?92 times (95 % CI 1?21, 3?05) more likely to have experienced a divorce in the past year and 2?48 times (95 % CI 1?76, 3?49) more likely to have a chronically ill parent (Table 4) .
Food insecurity was also statistically significantly associated with two of the disability child well-being indicators after adjustment for demographic and poverty indicators. These were presence of a child with a physical disability (OR 5 2?54; 95 % CI 1?22, 5.32) and a child with learning disability (OR 5 2?08; 95 % CI 1?16, 3?74; Table 4 ).
In addition, food-insecure households were 3?98 times (95 % CI 1?20, 13?19) more likely to have a child treated two or more times for a disability in the past year and 1?78 times (95 % CI 1?12, 2?83) more likely to have a child treated two or more times for an injury in the past year (Table 4) .
Discussion
In the present study, one-third of the population was classified as food insecure. However, the burden of food insecurity was found to impact St. Lucia and St. Vincent much more than Barbados. We found that food insecurity negatively impacted child well-being in the areas of family system disruption, disability and health, when adjusted for poverty and demographics. The food insecurity questions had been based on the USDA food security measures and then modified as a result of pretesting. The questions were found to have good internal reliability.
In the area of family system disruption, food insecurity was associated with the presence of a chronically ill parent and a parental divorce in the past year. The authors are unaware of previous research examining the relationship between food insecurity and chronic illnesses of a parent or divorce. However, compromised nutrition has been repeatedly found to lead to poorer health outcomes (26) (27) (28) (29) (30) . Food insecurity may lead to poor health of a household member; poor health may inhibit the ability to work, reducing resources available to purchase food for the home. Food insecurity may cause stress that leads to an increased risk of divorce.
In the area of disability, food insecurity was associated with the presence of a child with a learning or physical disability. Previous research in the USA reported an association between food insecurity and learning disorders among migrant and seasonal workers living close to the US-Mexican border (5) . Also, previous research has found *Multiple logistic model includes food insecurity as dependent variable controlled for the demographic and poverty indicators listed above as well as urban v. rural residence, piped water in the home, no flush toilet, refrigerator in the home, stove in the home, television in the home, telephone in the home, electricity in the home and Internet in the home.
-Odds of food insecure v. food secure; food insecure represents HH that answered in the affirmative to two or more food insecurity questions. -Odds of food insecure v. food secure; food insecure represents HH that answered in the affirmative to two or more food insecurity questions.
--Adjusted for children with their own bed, no one in HH has with a television in working order, no flush toilet, country of residence. yAdjusted for urban v. rural residence and country of residence. ||Adjusted for urban v. rural residence, no flush toilet, no one in HH has a telephone, television, stove, refrigerator and computer in working order, no one in HH has Internet, children with their own bed, children with less than three pairs of shoes, children with less than six sets of clothes, three or more HH members sleeping per room. zAdjusted for no one in HH has a refrigerator and computer in working order, no one in HH has Internet, children with their own bed, children with less than three pairs of shoes, children with less than six sets of clothes, three or more HH members sleeping per room, country of residence, unemployment, no flush toilet, and urban v. rural residence. **Adjusted for children with their own bed, children with less than six sets of clothes, three or more HH members sleeping per room, no one in HH has a car in working order, no flush toilet.
--Adjusted for no one in HH has a car, television and computer in working order, no one in HH has Internet, children with less than six sets of clothes, three or more HH members sleeping per room.
----Indicates the child treated for the condition two or more times in the past year. yyAdjusted for country of residence. ||||Adjusted for country of residence, three or more household members sleeping per room, no flush toilet, urban v. rural residence, no one in HH has a computer, cable/satellite television and telephone in working order, no one in HH has Internet. zzAdjusted for country of residence, no flush toilet, urban v. rural residence, children with their own bed, no one in household has a radio, television, refrigerator and computer in working order, no one in HH has Internet and no electricity in home.
that learning is compromised among food-insecure children as compared with food-secure children (14) (15) (16) . To our knowledge, the relationship between physical disability and food insecurity has not been previously studied. However, a relationship between physical limitations and food insecurity has been found by Guillford et al. (31) in Trinidad and Tobago. Chronic food insecurity, particularly severe undernutrition, may lead to physical injury and disability. On the other hand, a physically disabled child in the home may require an adult to leave the workforce to care for the child, which would decrease the financial resources available to purchase food.
The present analysis found that children in food-insecure households are more likely to seek multiple visits to a health-care provider for injury and disability. This result supports the reports of physical disability discussed above. Further research is warranted to better understand this relationship.
The series of questions regarding health-care visits may underestimate the number of ill children. Households, particularly those impoverished, may not utilize healthcare services. A focus group conducted as part of the ECCVS found that many families do not fully utilize public health-care programmes (20) . Unadjusted results indicated that food insecurity may also be related to flu and fever.
A strength of the present study is that it sampled a large number of representative households (n 2344) in Barbados, St. Lucia and St. Vincent. Another strength is the high response rate among households with children. Additionally, the survey captured a wide variety of poverty indicators and child well-being indicators, some of which have not been examined in the past, i.e. health-care use, school attendance, learning disability, recent divorce and chronic illness of the parent. Finally, this is a population that has not been well studied. Regions with limited food production, such as the Eastern Caribbean, face additional challenges due to their lack of available land for farming.
The present study has several limitations. First, the food security questions were limited to food availability questions and did not capture information related to food quality or anxiety over the availability of food. Also, the food security questions asked in the analysis did not cover some of the more severe questions about experiences with hunger or weight loss asked in the USDA questionnaire. Therefore we were unable to measure the degree of food insecurity experienced in this population. Second, the temporal relationship between food insecurity and exploratory variables is unclear since the present study was cross-sectional. For instance, food insecurity may increase the risk of divorce or divorce may lead to food insecurity, if the household resources change as a result of the divorce. Third, all responses were selfreported. This may have led to some misclassification; for instance, when asked 'If any of the children in your household have a disability, please tell me what kind of disability?' parents' responses may or may not have been based on the diagnosis being made by a physician.
The results of the study indicate that child well-being is compromised among food-insecure households, in the areas of family system disruption, health-care utilization and disability. At a minimum this means that these households are likely experiencing temporary bouts of hunger and possibly chronic hunger. The degree of food insecurity was not collected in the study. Therefore we cannot estimate acute or chronic hunger. This information may prove useful for programme and policy planning in an effort to address the need for increased food production, nutrition education and supplemental food programmes for families at risk for food insecurity.
Conclusion
In 2005, one-third of the households with children in Barbados, St. Lucia and St. Vincent and the Grenadines were food insecure to some degree. Local nutritionists and public health educators can work with policy makers to address the issue of food availability within these countries. Families could be screened with a validated food insecurity survey, possibly the Household Food Security Scale (6) , in an effort to identify children at higher risk of poor health and education outcomes.
An objective of the present study was to assess the relationship between food security and child well-being. Four areas of child well-being were studied: health-care utilization, disability, school attendance and family system disruption. In a global sense, the results identify some areas for further research. Specifically, future studies should further investigate the relationship between food insecurity and the development of learning and physical disabilities and injuries. Analysis of the relationship between food insecurity and multiple visits for specific health conditions was limited in the current analysis due to the small number of responses by condition. Also, further examination of the impact of parental chronic illness and divorce in a food-insecure family on child well-being may be warranted.
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